INTRODUCTION
There is increasing evidence that prostaglandins are involved in various forms of acute injury. Prostaglandin (PG)' production is increased in endotoxin-induced injury in several species (1) (2) (3) (4) . Elevated levels of PGF2a have been demonstrated in patients with clinical sepsis (3) . A correlation exists between (1) decreased levels of prostaglandins induced by prostaglandin synthesis inhibitors such as indomethacin or fatty acid deficiency, and (2) improved hemodynamics and survival in experimental endotoxin shock (4) (5) (6) (7) . These data have implicated prostaglandins as mediators of physiologic changes of endotoxin shock, though their mechanisms of action have not yet been established.
Concern about the therapeutic use of prostaglandin inhibitors has arisen. Indomethacin may accentuate the capillary permeability injury of endotoxin despite improved hemodynamics (8) . Certain prostaglandins may increase the ability to withstand endotoxin. Specifically, PGI2, prostacyclin, appears to protect the lung against pulmonary hypertension and increased lymph flow characteristic of endotoxin-induced injury (9) .
Ibuprofen (Motrin) is a reversible cyclooxygenase inhibitor with additional preferential inhibition of thromboxane synthesis (10) .2 Thromboxane, a potent vasoconstrictor which also enhances platelet aggregation, is elevated early in endotoxin induced injury and may mediate pulmonary hypertension. Ibuprofen appears to inhibit polymorphonuclear cell (PMN) and platelet aggregation. Both are important activities since they have been implicated as mediators of the pulmonary damage of sepsis and endotoxemia (11, 12) .2 In contrast to indomethacin, ibuprofen does not increase the capillary permeability injury of endotoxin or the chemotactic products of the lipoxygenase pathway (13) . These factors suggest possible beneficial effects of ibuprofen in endotoxin shock. The purpose of this study was to test the ability of ibuprofen to influence physiologic changes of canine endotoxin shock.
METHODS
Conditioned adult mongrel dogs weighing 15 
RESULTS
Mean blood pressure remained stable in control animals, group I, and ibuprofen only animals, group II, throughout base line and observation periods (Fig. 1) . In group III, animals given only endotoxin, blood pressure decreased to 49.8±6.6 within 5 min of endotoxin injection and remained below 83 mm Hg for the duration of the observation period. Group IV animals, _een inme (mini FIGURE 1 Mean blood pressure in group I, 0; group II, *; group III, *; and group IV, A animals at time t = base line, 5, 20, 60, 90, and 120 min. given ibuprofen 5 min after endotoxin, showed a similar initial drop in blood pressure with endotoxin injection but recovered at 20 min to 133.2±4.1 mm Hg (P < 0.001), with all values from 20 min through termination of the experiment increased compared to those of animals given endotoxin alone. In group IV animals, observations were continued for 300 min after endotoxin injection, and blood pressure was maintained at 158.2±5.2 mm Hg.
Cardiac index similarly remained stable in group I and group II animals throughout the study (Fig. 2 (Table IV) .
Mixed venous oxygen tension (PvO2) did not change in groups I and II but fell with endotoxin administration in group III (Table V) . This value returned to base line by 20 Arterial pH remained stable in groups I and II throughout base line and observation periods (Fig. 4) . After a slight initial rise, the pH in group III fell gradually to 7.18±0.03 at the termination of the study. Group IV animals showed an initial drop in pH at 20 min after endotoxin, but pH returned to 7.36±0.01 by the termination of the experiment (P < 0.001). (25, 26) . It totally suppresses zymogen-induced lysozyme release from granulocytes, whereas no such suppressant activity was observed with aspirin and only moderate suppression was noted with indomethacin (27) . Ibuprofen also inhibits migration of leukocytes in vitro using glass capillary tubes in a dose-dependent fashion (28) . Baboons with coronary artery ligation pre-and posttreated with ibuprofen had markedly diminished PMN infiltration of the myocardium compared with controls.3 Finally, ibuprofen inhibits platelet aggregation induced by ADP, thrombin, epinephrine, collagen, and arachidonic acid. Platelet activating factor induced platelet aggregation that is not blocked by aspirin or indomethacin is inhibited by ibuprofen (29) . These data show that treatment with ibuprofen reversed the detrimental changes in blood pressure, cardiac output, and arterial pH in canine endotoxin shock. Though there were some trends, SVR and PVR V02, Piv02, and PaO2 were not altered in ibuprofen-treated animals compared with animals treated with endotoxin alone. PAP tended to be higher in animals posttreated with ibuprofen than those treated with endotoxin alone; the difference between these values became significant by termination of the experiment. Ibuprofen alone caused no significant changes from base line over the observation period except increased PAP. Perhaps this effect may be explained by inhibition of vasodilator prostaglandins by ibuprofen, an effect previously observed with ibuprofen in doses that inhibit in vitro platelet aggregation (30) .
The mechanism of the protective effect of ibuprofen in endotoxemia is not clear. Endotoxin is known to ' cause margination of leukocytes, thickening of endothelial cells, and the formation of thrombi in the small veins in the peripheral circulation as well as lysosomal enzyme release (31, 32 ). An endotoxin shock-induced inotropic disorder has been well documented, with evidence that this myocardial dysfunction is associated with depressed, membrane bound calcium-stimulated ATPase activity (33, 34) . Ibuprofen reduces inflammation and lung lymph flow in endotoxin-induced injury, both actions presumed secondary to prostaglandin inhibition and membrane stabilization (10, 22) . Data from our lab (unpublished observations) suggest an improved myocardial inotropic state with ibuprofen in endotoxemia. The improved blood pressure, cardiac output, and arterial pH observed in this study may reflect improved vascular integrity and peripheral circulation with ibuprofen in endotoxemia, an action that might be explained by inhibition of thromboxane and PGF2a. The source of prostaglandins responsible for the hemodynamic derangements of endotoxemia is unknown at this time, with leukocytes, platelets, and vascular endothelium all remaining potential candidates. Alternative explanations would be favorable action of ibuprofen on platelet aggregation or leukocyte migration as previously described.
Several questions remain unanswered by this study. 
